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We established a serum-free organ culture system of
isolated single vibrissa rudiments taken from embry-
onic day 13 mice. This system allowed us to test more
than 30 laminin-derived cell adhesive peptides to
determine their roles on the growth and differenti-
ation of vibrissa hair follicles. We found that the
RKRLQVQLSIRT sequence (designated AG-73),
which mapped to the LG-4 module of the laminin-a1
chain carboxyl-terminal G domain, perturbed the
growth of hair follicles in vitro. AG-73 is one of the
cell-binding peptides identi®ed from more than 600
systematically synthesized 12 amino acid peptides
covering the whole amino acid sequence of the
laminin-a1, -b1, and -g1 chains, by cell adhesion
assay. Other cell-adhesive laminin peptides and a
control scrambled peptide, LQQRRSVLRTKI, how-
ever, failed to show any signi®cant effects on the
growth of hair follicles. The AG-73 peptide binds to
syndecan-1, a transmembrane heparan-sulfate proteo-
glycan. Syndecan-1 was expressed in both the mesen-
chymal condensation and the epithelial hair peg of
developing vibrissa, suggesting that AG-73 binding to
the cell surface syndecan-1 perturbed the epithelial±
mesenchymal interactions of developing vibrissa. The
formation of hair bulbs was aberrant in the explants
treated with AG-73. In addition, impaired basement
membrane formation, an abnormal cytoplasmic bleb
formation, and an unusual basal formation of actin
bundles were noted in the AG-73-treated-hair matrix
epithelium, indicating that AG-73 binding perturbs
various steps of epithelial morphogenesis, including
the basement membrane remodeling. We also found
a region-speci®c loss of the laminin-a1 chain in the
basement membrane at the distal region of the invad-
ing hair follicle epithelium, indicating that laminins
play a part in hair morphogenesis. Key words: bioactive
peptide/laminin-a1/morphogenesis/mouse/syndecan-1. J
Invest Dermatol 118:712±718, 2002
E
pithelial±mesenchymal interactions during hair mor-
phogenesis (Hardy, 1992; Thesleff et al, 1995) require
various regulators, including secreted growth factors
(Blessing et al, 1993; Bitgood and McMahon, 1995;
Widelitz et al, 1997; Botchkarev et al, 1999; Chiang et al,
1999), and mesenchymal extracellular matrix components (Hirai
et al, 1992; Zhang et al, 1996; Akiyama et al, 1999; Kishimoto et al,
1999). Basement membrane is a special form of extracellular matrix
that lies between the epithelium and mesenchyme; thus, compo-
nents of the basement membrane are also likely to play roles in hair
development.
Laminins are major basement membrane glycoproteins and are
composed of a, b, and g chains. Five a chains, three b chains, and
three g chains have so far been identi®ed and they comprise at least
15 different laminin isoforms (Libby et al, 2000). Recently, it has
been reported that the expression of a major epidermal basement
membrane component, laminin-5 (a3b3g2), is downregulated at
the distal region of the invading hair follicle epithelium (Nanba et al,
2000), suggesting the involvement of this laminin isoform in hair
growth. In addition to laminin-5, laminin-1 (a1b1g1) (Klein et al,
1990), laminin-2 (a2b1g1) (Schuler and Sorokin, 1995), laminin-
10 (a5b1g1) (Sorokin et al, 1997), and laminin-12 (a2b1g3) (Koch
et al, 1999) are expressed in the skin; however, the precise
expression patterns of the latter four laminin isoforms and their
roles in hair morphogenesis are largely unknown.
Laminins have multiple biologic activities, including cell adhe-
sion, spreading, migration, and cell growth (Colognato and
Yurchenco, 2000). Using proteolytic laminin fragments and
synthetic laminin peptides, attempts were made to map the biologic
effects to individual laminin domains (Martin et al, 1996; Timpl,
1996) or sequences (Makino et al, 1999). We have previously
identi®ed 34 peptide sequences with strong cell adhesive abilities
(Nomizu et al, 1995, 1997, 1998; Ponce et al, 1999) by the
systematic screening of 673 synthetic 12mer peptides, which cover
the entire amino acid sequences of laminin-a1, -b1, and -g1 chains.
For example, the AG-73 sequence from the laminin-a1 chain
carboxyl-terminal G-domain (Nomizu et al, 1995) promotes
attachment of various cell lines, induces salivary acinar cell
differentiation, stimulates neurite outgrowth, upregulates matrix
metalloprotease secretion (Makino et al, 1999), inhibits in vitro
development of salivary gland rudiments (Hoffman et al, 1998;
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Kadoya et al, 1998; Hosokawa et al, 1999) and kidney rudiments
(Ishihara et al manuscript in preparation), and also inhibits
laminin-1 assembly in skin equivalent (Fleischmajer et al, 1998).
In order to elucidate the role of basement membrane laminin
during hair growth, we tested a series of cell adhesive laminin-1
peptides in an organ culture system of hair rudiments. An existing
organ culture system, in which skin fragments were cultured in
serum containing medium, was not suitable for direct comparison
of the effect of the peptides on individual hair rudiments. Hence,
we established a serum-free culture system of isolated single follicles
from developing mouse vibrissa, and the effect of laminin-1
peptides upon them was assessed. We found that a synthetic peptide
AG-73 (RKRLQVQLSIRT, residues 2719±2730 of laminin-a1
chain carboxyl-terminal globular domain) inhibited follicle elonga-
tion of isolated embryonic day 13 mouse vibrissae in organ cultures.
We also examined the expression of laminin-a1 chain and the AG-
73-ligand syndecan-1 during vibrissa development in vivo.
MATERIALS AND METHODS
Mice Pregnant ICR strain mice were purchased from SLC
(Hamamatsu, Japan). The morning the vaginal plug was discovered was
considered as embryonic day 0 (E0). On E13, 15, and 17, the pregnant
mice were killed by cervical dislocation, and the embryos were removed.
Organ cultures Vibrissa rudiments in the most posterior column
(Oliver's adult rat vibrissa map a1±a5, Oliver, 1966) were carefully
isolated from the upper lip of one side of the E13 fetuses with a ®ne
needle. For our control experiments, vibrissa rudiments from the other
side of the upper lip of the same embryo were used. The rudiments
were placed on a Nucleopore ®lter, at the air/medium interface, and
cultured at 37°C in 5% CO2. The medium used was a chemically
de®ned Richter's improved minimum essential medium (Gibco, Gland
Island, NY) supplemented with 50 mg transferrin per ml but not serum
(Kadoya et al, 1995). The peptides were solubilized at 5 mg per ml in
distilled water and then added to the medium at the onset of the organ
culture. The ®nal concentration of peptides was 250 mg per ml, unless
otherwise stated. At least ®ve rudiments were tested for each peptide.
B-133 was insoluble in the medium, so it was not tested in organ
culture. AG-73T peptide (LQQRRSVLRTKI), a scrambled amino acid
sequence of AG-73 (Nomizu et al, 1995), was used as a control.
Rudiments were cultured for 4 d without changing the medium. On
days 0 and 4 in culture, the lengths of the follicle, L0 and L4,
respectively, were measured. For quantitative evaluation of the growth of
each follicle, we calculated the relative growth rate as: (L4 ± L0)/L0.
Either the Student's or Welch's t tests were used to analyze the
differences in the relative growth rate of the explants treated with
peptide and the control explants.
Peptides All peptides were manually synthesized using the 9-¯uorenyl-
methoxycarbonyl based solid-phase strategy as the C-terminal amide
form and puri®ed by reverse phase high-performance liquid
chromatography (Nomizu et al, 1995). Thirty-four cell adhesive peptides
(Fig 1a) derived from the laminin-a1 (Nomizu et al, 1995, 1998),
laminin-b1 (Nomizu et al, 2000), and laminin-g1 (Nomizu et al, 1997)
chains were used. They were selected by the two different, previously
described assay systems (Nomizu et al, 1995): strong attachment of
HT1080 human ®brosarcoma cells to peptide-coated plastic dishes and
cell attachment to peptide-coupled Sepharose beads. Most of the peptides
were mapped to the globular domain IV, VI, or G (Fig 1b). The a2G-
73, a3G-73, a4G-73, and a5G-73 peptides, homologous sequences of
AG-73 from the laminin-a2, -a3, -a4, and -a5 chains (see Fig 2 for
positions and sequences), were selected by sequence alignment and
synthesized.
Histology and electron microscopy For routine histology, the upper
lips were ®xed with Zamboni's solution [4% formaldehyde and 0.2%
picric acid in 0.1 M phosphate buffer (pH 7.2)], and embedded in
paraf®n. Five micrometer sections were cut and stained with
hematoxylin and eosin. Alternatively, tissues were ®xed with 2.5%
glutaraldehyde in phosphate-buffered saline (PBS), post®xed with 1%
OsO4 in a 0.1 M phosphate buffer (pH 7.2) and embedded in an epoxy
resin mixture as previously described (Kadoya and Yamashina, 1991).
One micrometer sections were then cut and stained with 1% toluidine
blue in distilled water. For electron microscopy, ultrathin sections were
cut and stained with both uranyl acetate and lead citrate, and examined
using a JEOL 1200EX electron microscope (JEOL, Tokyo, Japan).
Immunohistochemistry and immunoelectron microscopy Tissues
were ®xed with Zamboni's ®xative, embedded in OCT (Miles, Elkhart,
IN), and frozen. Frozen sections (10 mm) were then cut and blocked
with PBS containing both 1% bovine serum albumin and 10% fetal
bovine serum for 1 h. For laminin-a1 chain staining, fresh-frozen
sections were cut and ®xed with pure acetone for 2 min prior to the
blocking. The sections were then incubated with diluted primary
antibodies overnight, washed with PBS, and incubated with
¯uorochrome labeled secondary antibodies for 1 h. After washing with
PBS, they were examined using an Axioplan 2 epi¯uorescence
microscope (Zeiss, Tokyo, Japan). Images were captured with a Quantix
CCD camera (Photometrics, Munich, Germany) and processed using
IPLab software (Scanalytics, Fairfax, Virginia). For whole mount
immuno¯uorescence, Zamboni-®xed explants were blocked with PBS
containing both 1% bovine serum albumin and 0.05% Tween 20 for 1 h,
Figure 1. Cell-adhesive laminin-1 peptides
tested in this study. (a) Positions and sequences
of the peptides. (b) The domain model of
laminin-1 showing the sites of the laminin
peptides. The globular domains IV, IV¢, IVa, IVb,
VI, and G are according to Sasaki et al (1988).
The globular modules within the carboxyl-
terminal G-domain are designated LG1-5. Note
that the AG-73 site is in module LG-4.
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incubated with diluted primary antibodies overnight, washed with PBS
containing 0.05% Tween 20 (30 min 3 three times), and incubated with
¯uorochrome labeled secondary antibodies overnight. After washing with
PBS containing 0.05% Tween 20 (30 min 3 three times), they were
then mounted with Perma¯uore (Shandon, Pittsburgh, PA) and
examined using a confocal scanning microscope (MRC 1024, Bio-Rad,
Tokyo, Japan). Images from six to 10 serial optical sections were then
collected and merged. For immunoelectron microscopy, frozen sections
(10 mm) of Zamboni-®xed upper lips were blocked with PBS containing
both 1% bovine serum albumin and 10% fetal bovine serum for 1 h,
incubated with diluted primary antibodies overnight, washed with PBS,
and incubated with 1:100 diluted secondary antibodies labeled with
horseradish peroxidase (Vector, Burlingame, CA) for 1 h. After washing
with PBS, the bound peroxidase activity was visualized histochemically
with 0.05% diaminobenzidine and 0.02% H2O2 in PBS. The specimens
were then incubated again with 1% OsO4 in 0.1 M phosphate buffer
(pH 7.2) and embedded in an epoxy resin mixture. Ultrathin sections
were cut and examined using a transmission electron microscope (JEOL)
without counter-staining. The control experiments were performed
without incubation with the primary antibody. They gave rise to no
staining except for those seen in the stratum corneum of fresh-frozen
sections.
Antibodies Polyclonal antibodies against mouse laminin-1
(Collaborative Biomedical Products, Bedford, MA) and syndecan-1
(Santa Cruz Biotechnology, Santa Cruz, CA) were diluted 1:100. Rat
monoclonal antibodies against laminin-a1 chain (no. 200; Sorokin et al,
1992; a gift from Dr. P. Ekblom) and nidogen (Upstate, Lake Placid,
NY) were diluted to 10±20 mg per ml. Dichlorotriazinylamino
¯uorescein-labeled secondary antibodies against rabbit, goat, or rat IgG
(all from Chemicon, Temecula, CA) were purchased and diluted 1:100.
RESULTS
Development of the isolated vibrissa rudiments in vitro All
the vibrissa rudiments used for organ culture were Hardy's stage
3a±3b [hereafter, developmental stages are according to Hardy and
Vielkind (1996). For details of each stage and the anatomical terms
for developing hair, we also referred to Paus et al (1999)]. The
isolated hair follicle on day 0 of culture (L0) was 0.34 6 0.05 mm
(mean 6 SD; n = 10) and terminated distally with an enlargement
(Fig 3a). After 4 d in culture, the follicles elongated (L4 = 0.89 6
0.14 mm, n = 10) and the distal enlargement differentiated to form
the hair bulb. The development of a hair shaft was also observed
(Figs 3b and 4a).
AG-73 perturbs the in vitro growth of vibrissa
rudiment The AG-73 peptide clearly perturbed the elongation
of vibrissa hair follicles in vitro (Figs 3d and 5). The other laminin-1
peptides neither inhibited nor stimulated the in vitro growth of
vibrissa hair follicles at 250 mg per ml (data not shown). We
therefore focused AG-73. As shown in Fig 5, clear inhibition of
the follicle elongation with AG-73 was apparent at 250 mg per ml
(0.18 mM) and 125 mg per ml, but this inhibition became marginal
at 62.5 mg per ml. A scrambled control peptide, AG-73T
(LQQRRSVLRTKI), failed to inhibit the elongation of the
follicle even at 250 mg per ml. The a2G-73, a3G-73, a4G-73, and
a5G-73 peptides (see Fig 2 for positions and sequences) were
tested at 250 mg per ml but they neither inhibited nor stimulated
the in vitro growth of the follicles (data not shown). The
epimorphin-derived biologically active NL peptide (Koshida and
Hirai, 1997) was also tested at 400 mg per ml (0.18 mM) but did
not show any effects on the hair follicle development (data not
shown).
Histology of AG-73-treated vibrissa rudiments Well-
differentiated hair bulbs were seen in the control vibrissa explant
cultured for 4 d with 250 mg per ml of control-scrambled peptide,
AG-73T. An inner root sheath covering the hair shaft was seen and
the outer root sheath cells, which were packed tightly against each
other, surrounded them (Fig 4a). In contrast, remarkable
abnormalities were seen in the hair bulb region of the 125 mg
per ml AG-73-treated vibrissa explant cultured for 4 d. The hair
matrix failed to form a horseshoe-like ``bulb''. Moreover, the
dermal mesenchyme failed to aggregate to form ball-shaped
``papilla''. The outer root sheath cells were rather loosely
arranged but differentiation of the hair shaft was seen (Fig 4b).
Laminin is a major basement membrane component, thus the
integrity of the follicle basement membrane of vibrissa explants
treated with 125 mg per ml AG-73 for 4 d was examined carefully.
Figure 3. Organ culture of the isolated embryonic day 13 mouse
vibrissa rudiment. The rudiments were isolated and cultured for 4 d in
a serum-free condition. (a) A vibrissa rudiment at the onset of
cultivation. (b) The same rudiment after 4 d in organ culture. Note the
development of hair shaft in b (arrow). Arrowhead indicates hair bulb. (c)
An explant treated with 125 mg per ml of a synthetic laminin-1 G-
domain peptide, AG-73 (RKRLQVQLSIRT), at the onset of
cultivation. (d) The AG-73-treated rudiment after 4 d. The development
of hair follicle is clearly inhibited. Scale bar: 100 mm.
Figure 2. Positions and sequences of AG-73, a2G-73, a3G-73, a4G-73, a5G-73, and NL peptide. Conserved amino acids are boxed.
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Whole mount immuno¯uorescence detection of nidogen, another
major basement membrane speci®c glycoprotein, revealed the
absence of the basement membrane along the hair matrix
epithelium facing the dermal mesenchyme (Fig 6b). This was
con®rmed by transmission electron microscopy (Fig 7b).
Moreover, striking ultrastructural abnormalities were observed
with epithelial cytoplasmic blebs expanding toward the connective
tissues and thick actin bundles running parallel to the epithelial basal
contour (Fig 7b). In contrast, the explants treated with the control
scrambled AG-73T peptide showed a continuous basement
membrane along the basal surface of the matrix epithelium
(Figs 6a and 7a).
The expression of laminin-a1 chain, laminin-1, and
syndecan-1 in developing vibrissa rudiments In the upper
lip of an E13 mouse embryo, vibrissa rudiments were arranged in a
constant pattern of ®ve anteroposterior rows and ®ve or six
dorsoventral columns. There was an anteroposterior gradation in
the developmental stages in each dorsoventral column. The most
anterior rudiments were stage 2, whereas the most posterior
rudiments reached stage 3a or 3b. In both stages 2 and 3, the
laminin-a1 chain-speci®c monoclonal antibody stained the surface
ectodermal basement membrane, but failed to detect the basement
membrane at the distal region of the elongated hair peg epithelium
(Fig 8a, b). At E15, most of the vibrissa rudiments reached stage 5.
At this stage, the expression of the laminin-a1 chain was seen
weakly along the surface epidermal basement membrane but was
absent from the basement membrane of the hair bulb epithelium
(Fig 8c). In contrast, polyclonal antibodies against laminin-1,
which recognize laminin-a1, -b1, and -g1 chains, clearly stained
the entire basement membranes of the epidermis and hair follicle
epithelium at all stages examined (Fig 8d±f).
AG-73 binds to the heparan sulfate side-chains of syndecan-1
(Hoffman et al, 1998). The expression of syndecan-1 was seen in
the mesenchymal condensation and along the epithelial±mesen-
chymal interface of the hair germ and peg at stages 2 and 3a,
respectively (Figs 8g, h). Immunoelectron microscopy revealed the
immunoreaction for syndecan-1 in both the distal surface of the
hair peg epithelium and the condensed mesenchymal cell surface
(Fig 9) at stage 3. At stage 5, a strong expression of syndecan-1 was
noted in the hair matrix, inner root sheath epithelium, and the basal
and suprabasal layers of the epidermis (Fig 8i).
DISCUSSION
Hair morphogenesis is driven by multiple tissue interactions
between the epidermis and mesenchyme (Hardy, 1992; Thesleff
et al, 1995). The primary mesenchymal signal initiates the ectoderm
to form a placode, which soon afterward instructs the underlying
mesenchyme to condense (stage 1). The mesenchymal condensa-
tion then induces the proliferation, elongation, and differentiation
of the placode to form a hair germ (stage 2). At the same period of
time, the mesenchymal condensation itself becomes the dermal
papilla, which then becomes surrounded by the distal part of the
Figure 4. Histology of vibrissa rudiment
cultured for 4 d. Toluidine blue stained 1 mm
plastic sections of the vibrissa rudiments cultured
for 4 d with (a) a control scrambled AG-73T
peptide (250 mg per ml) and (b) an AG-73 peptide
(125 mg per ml). In (a), the horseshoe-shaped hair
matrix surrounds dermal papilla. In the outer root
sheath (ORS), epithelial cells are packed tightly
against each other. In (b), the hair matrix becomes
Y-shaped (asterisks) and the dermal mesenchyme
fails to form condensed dermal papilla. In the
ORS, epithelial cells are only loosely associated.
Development of hair shafts (HS) and the inner
root sheaths (IRS) is noted in both (a) and (b).
Scale bars: 50 mm.
Figure 5. Effect of the synthetic laminin-1 G-domain peptide,
AG-73 (RKRLQVQLSIRT), on vibrissa elongation. Various
concentrations of AG-73 peptide and a control scrambled peptide, AG-
73T, were tested in the vibrissa organ culture system. The growth of
follicles is shown in relative growth rate. See text for relative growth
rate. A concentration-dependent inhibition of hair follicle growth is
noted between 62.5 mg per ml and 250 mg per ml. At 62.5 mg per ml,
the inhibition is marginal. *p < 0.05.
Figure 6. Expression of nidogen in AG-73 peptide-treated and
control AG-73T peptide-treated vibrissa rudiments as shown by
whole-mount immuno¯uorescence. The isolated vibrissa rudiments
cultured for 4 d with (a) a control scrambled AG-73T peptide (250 mg
per ml) and (b) an AG-73 peptide (125 mg per ml) were immunostained
with anti-nidogen antibodies followed by observation with a confocal
laser-scanning microscope. In (a), continuous basement membrane
staining is seen along the follicle epithelium. In (b), the absence of
basement membrane staining at the hair matrix facing the dermal papilla
(b, arrows) is evident. Scale bars: 50 mm.
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elongating hair germ and is then called the hair peg (stage 3). The
laminin-a1 chain was observed in the epidermal±dermal junction
but was absent in the basement membrane at the tips of the
invading hair germ epithelium at stage 2. A similar regional
downregulation of the expression of the laminin-a3 chain has been
reported previously (Nanba et al, 2000). It is less possible that the
lack of staining for laminin-a1 chain is due to a limited access of the
antibody to the basement membrane zone, because polyclonal anti-
laminin-1 antibody clearly stained a continuous basement mem-
brane subjacent to the entire epithelium, including hair germ. The
polyclonal anti-laminin-1 antibody reacts with a1, b1, and/or g1
chain, implicating that hair germ basement membrane consists of
laminin(s) containing either b1 or g1 chain, but not a1 and a3
chains. The regional speci®city of the expression pattern of
laminin-a chains suggests a distinct role of each laminin-a chain
isoform for hair follicle development.
Previously, to elucidate the molecular mechanisms involved in
the tissue interactions during hair development, organ cultures of
whole skin fragments were used (Hirai et al, 1992; Kashiwagi et al,
1997); however, using such systems, it is dif®cult to analyze each
developmental stage separately. Here we established an organ
culture of the isolated vibrissa rudiments in a serum-free chemically
de®ned system. The E13 rudiments used in the present cultures
were stage 3a±3b, hence this study focuses mainly on the follicle
elongation (and also later) step(s) involved in hair development.
After 4 d in culture, the follicle elongated and the hair bulb
developed. Moreover, differentiation of the hair shaft was achieved.
These ®ndings indicate the vibrissa rudiments reached stage 6
(Hardy and Vielkind, 1996; Paus et al, 1999). The length of
cultured follicles was easy to measure, thus this system also enables
us to evaluate quantitatively the role of various growth regulators
on hair follicle elongation.
Using this organ culture system, we tested 34 cell-adhesive
laminin-1 peptides (Fig 1) and several related peptides (Fig 2) to
evaluate their roles in the growth and differentiation of vibrissa hair
follicles. The AG-73 peptide (RKRLQVQLSIRT) clearly per-
turbed hair follicle elongation in vitro. Moreover, an abnormal
morphogenesis of the hair bulb was noted in AG-73-treated
rudiments. A control scrambled peptide AG-73T, failed to show
any signi®cant effects on hair follicle growth. AG-73 binds to
glycosaminoglycan chains of syndecan-1 (Hoffman et al, 1998), a
transmembrane heparan sulfate proteoglycan. During vibrissa
development, syndecan-1 accumulated at the mesenchymal con-
densation as described (Trautman et al, 1991). In addition,
immunoelectron microscopy clearly revealed that syndecan-1 was
expressed not only on the condensed mesenchymal cells surface but
also on the epithelial basal surface adjacent to the mesenchymal
condensation. It has been postulated that syndecans are coreceptors
with integrins (Bern®eld et al, 1999). An essential role for epidermal
b1 integrin during hair development (Raghavan et al, 2000) and
turnover (Brakebusch et al, 2000) has recently been established. It is
possible that AG-73 perturbs the epithelial±mesenchymal inter-
actions mediated by the syndecan±integrin complex. Impaired
basement membrane formation, abnormal cytoplasmic bleb forma-
tion, and an unusual basal formation of actin bundles were noted
not only in the hair follicle but also in the salivary gland epithelia
(Kadoya et al, 1998; Hosokawa et al, 1999) after treatment with
AG-73. Similar abnormal epithelial cell basal morphology has been
seen in corneal and salivary gland epithelia after digesting their
basement membranes with proteolytic enzymes (Sugrue and Hay,
1981; Kadoya and Yamashina, 1991). Interestingly, AG-73 stimu-
lates the secretion of 72 kDa matrix metalloprotease in PC-12
pheochromocytoma cells (Weeks et al, 1998) and 92 kDa matrix
metalloprotease in B16-F10 melanoma cells (Kim et al, 1998).
Matrix metalloproteases play an important part in basement
membrane remodeling in many biologic processes, including
organogenesis, implantation, and tumor invasion (Vu and Werb,
2000). We suggest that syndecan signaling may be involved in the
remodeling of the basement membrane, which subsequently
impairs organogenesis. Such effects of AG-73 on basement
membrane formation may be general phenomena not limited to
hair follicles.
Apart from AG-73, vibrissa growth was not affected by any other
cell-adhesive laminin-1 peptides, including A-13, A-99, A-208,
AG-10, and C-16. A-13 and C-16 are located on the N-terminal
globular domain VI of laminin-a1 chain and laminin-g1 chain,
respectively, and both A-13 and C-16, but not AG-73, inhibited
laminin-mediated tube formation of the endothelial cells (Malinda
et al, 1999; Ponce et al, 1999). A-99, A-208, and AG-10 overlap
with the previously identi®ed active peptide sequences: RGD,
IKVAV (Martin et al, 1996), and SIVITR, which inhibits the
organotypic aggregation of lung alveolar cells (Matter and Laurie,
1994; Chen et al, 1997). Moreover, other AG-73 homologous
peptides derived from the G domain of laminin a2 to a5 chains
failed to inhibit in vitro growth of vibrissa rudiments. Similarly,
in vitro development of the salivary gland was affected by the AG-73
(Kadoya et al, 1998; Hosokawa et al, 1999) but not by A-13, A-99,
A-208, AG-10, C-16, or AG-73 homologous (Kadoya et al, 1998;
Hoffman et al, 2001). Taken together, these results suggest a speci®c
role for the AG-73 sequence and its ligand, syndecan-1, on many
epithelial organs during their development.
We also tested the epimorphin-derived biologically active NL
peptide (Koshida and Hirai, 1997) in our assay for hair growth.
Epimorphin is expressed in the mesenchymal condensation in
developing vibrissae and has been proposed as an essential factor for
its development (Hirai et al, 1992). Although, there is some
similarity in the sequences of AG-73 peptide and NL peptide
(Fig 2), the latter peptide failed to show any effects on the in vitro
elongation of vibrissa hair follicles. Moreover, only two residues
were conserved when the NL peptide was aligned with
xKxLxVxxxIRT, the recently identi®ed essential residues of
AG-73 for salivary gland development (Hoffman et al, 2001).
Figure 7. Electron micrographs showing the
epithelial±mesenchymal border of the hair
bulbs from the vibrissa rudiments cultured
with AG-73 peptide or a control scrambled
AG-73T peptide. In (a), the explant was
incubated with 250 mg per ml of control
scrambled AG-73T peptide for 4 d. A continuos
basement membrane along the smooth basal
surface of the matrix keratinocyte is seen (a,
arrows). Hemidesmosomes are not seen. In (b), the
explant was incubated with 125 mg per ml of AG-
73 peptide for 4 d. No continuous basement
membrane can be seen along the hair matrix
epithelium. Note the epithelial cytoplasmic blebs
expanding toward the connective tissues (b, arrows)
and the thick actin bundles running parallel to the
epithelial basal contour (b, arrowheads). Scale bar:
0.5 mm.
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Thus it is likely that AG-73 and its ligand are involved in the
epithelial±mesenchymal interaction, but by a different mechanism
from that of the epimorphin-derived NL peptide.
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